New 3,7-diphenylthieno[3,2-e]bis [1, 2, 4] triazolo [4,3-a:4',3'-c]pyrimidine derivatives were easily synthesized at room temperature in good yield by the oxidative cyclization of thienopyrimidinyl hydrazones with alumina-supported calcium hypochlorite (Ca(OCl)2/Al2O3).
Introduction
The heterocyclic compounds containing 1,2,4-triazole moiety continue to attract considerable interest because of their broad biological activities such as antimicrobial, 1 antifungal, 2 antiinflammatory, 3 and antibacterial 4 agents. Furthermore, it has been noticed that introduction of an additional ring to the triazolopyrimidine system which is one of the fused 1,2,4-triazole compound tends to exert profound influence in conferring new biological activities in these molecules. For instance, thienotriazolopyrimidinone 1 and pyrazolotriazolopyrimidine 2 derivatives of tricyclic heterocyclic compounds as shown in Fig. 1 have been recently synthesized for xanthine oxidase inhibitor 5 and adenosine A2A/A3 receptor antagonists, 6 respectively. The compound 3, 3,9-diphenyl-bis-1,2,4-triazolo [4,3-a] [4',3'-c] pyrimidine derivatives, were also found to possess strong antibacterial activity. 7 Recently, we have designed and synthesized a series of thienotriazolopyrimidine compounds 4 and 5 of potential biological interest using iodobenzene diacetate. 8 One of the useful methods for the preparation of fused 1,2,4-triazoles is based on oxidative cyclization of the fused heterocyclic hydrazones. This oxidative cyclization has been carried out using various reagents of bromine, 9,10 lead tetraacetate, 11 phosphorus oxychloride 11 or thionyl chloride. 12 These reagents are often associated with several restrictions such as toxicity, poor yield, and drastic reaction conditions. In order to overcome these drawbacks, the oxidant ferric chloride, 6,13,14 chloranil, 5, 15 iodobenzene diacetate 7, 8 and copper dichloride 16 have been introduced. However since the reactions using reagents listed above still have some limitations, such as need of aqueous workup, use of acetic acid, separation of iodobenzene, and removal of copper ions as a water-soluble complex, the more convenient and efficient alternative reagent is required.
As a continuation of our research work on thienopyrimidines and thienopyridines with biological interest, 17 we wish to report herein the synthesis of new 3,7-diphenylthieno[3,2-e]bis [1, 2, 4] triazolo[4,3-a:4',3'-c]pyrimidine derivatives 6a-h using alumina-supported calcium hypochlorite (Ca(OCl)2/Al2O3 = 1:1, grounded mixture) in oxidative cyclization reaction. The use of alumina-supported calcium hypochlorite as a heterogeneous oxidant in this reaction has advantage of enhanced reaction rate and yield, simple work-up, low cost, and eco-friendly reagent.
Results and Discussion
Initially, we studied, as shown in Table 1 , the oxidative properties of calcium hypochlorite on alumina in cyclization reaction of thienopyrimidinyl hydrazone yielding the fused 1,2,4-triazole 4a (R = H) as a model reaction. The reaction was carried out in dichloromethane at room temperature varying the amounts of alumina-supported calcium hypochlorite ( 
Entry
Oxidant, the optimum condition (3 eq. of Ca(OCl)2/Al2O3, CH2Cl2, rt). These yields are comparable with those obtained using iodobenzene diacetate (4a: 85% and 5a: 75% in 1 hr). 8 To further probe the synthetic scope of this reagent for the fused 1,2,4-triazole, we investigated the oxidative cyclization of other heterocyclic hydrazones to afford the corresponding 1,2,4-triazolo derivatives ( Table 2) . Heterocyclization of the various hydrazones could be easily carried out at room temperature for 1 -2 h, and the crude product from the reaction mixture was also easily separated by simple filtration. Evaporation and recrystallization of crude products gave the pure 1,2,4-triazolo compounds in good yields (60 -75%). Comparison of the reactivities of the tested hydrazones showed that the oxidative cyclization was not strongly affected by the substituent R and the nature of the heterocyclic moiety. Notably, the yield of triazole remained unchanged when the phenyl group in the hydrazone was replaced by an n-propyl group (Table 2, Entries 7). Therefore, we have successfully developed a convenient and efficient method for the oxidative cyclization reaction of heterocyclic hydrazones.
As shown Scheme 1, we then applied this useful agent to the synthesis of new 3,7-diphenylthieno (10), 19 was prepared starting from 2-aminothiophene-3-carboxamide (7) 17j via 8 and 9 according to the modified procedures by Robba, M. 20 That is, heating 7 with 4 eq of urea in fusion gave the thieno [2,3-d] pyrimidine-2,4-(1H,3H)-dione (8) in 70% yield. Chlorination of 8 was carried out with POCl3 and N,N-dimethylaniline under reflux in the usual way to get 9 in 63% yield. Then, treatment of 8 with an excess hydrazine hydrate in refluxing ethanol afforded 10 in 73% yield. Subsequent reaction of 10 with appropriate aryl aldehydes in refluxing ethanol in the presence of catalytic amount of few drops of piperidine yielded the corresponding hydrazones (11a-h) in 60 -76% yields. The oxidative cyclization of 11a-h to the tetracyclic compounds 6a-h was successfully carried out by treatment of 11a-h with 5 eq of alumina-supported calcium hypochlorite to afford the corresponding 3,7-diphenylthieno[3,2-e]bis[1,2,4]triazolo [4,3-a:4',3'-c] pyrimidine derivatives 6a-h in 66 -79% yields. For instance, when a solution of 11a in dichloromethane was treated with 5 eq of alumina-supported calcium hypochlorite at room temperature for 2 h, the crude product was obtained as solid after simple workup of filtration and evaporation. The crude product was purified by recrystallization to give pure compound 6a in 70% yield. When compared to the oxidative cyclization of monohydrazones (Table 2) , the oxidative ring closure of dihydrazones 11a-h required longer reaction time (2 h) and more amount of Ca(OCl)2/Al2O3 (5 eq) for complete reaction. Any excess of Ca(OCl)2/Al2O3 beyond 5 eq did not show any further increase in conversion and yield. The structures of all new compounds were confirmed by elemental analyses and spectroscopic studies.
Although the mechanism of cyclization is not certain, it is expected to be similar to the proposed mechanisms of other related oxidative cyclizations of pyrazolopyrimidinyl hydrazones 6 and quinazolinyl hydrazones 13 by ferric chloride or the oxidative cyclizations of thienopyrimidinyl hydrazones 8 by iodobenzene diacetate. The conversion of 11 to 6 was considered to proceed via cyclization of the corresponding nitrilimine intermediates through the electrophilic attack of hypochlorite on 11 followed by elimination of HCl (Scheme 2).
Conclusions
In summary, we have demonstrated here an efficient and convenient procedure for the synthesis of various fused 1,2,4-triazoles and new 3,7-diphenylthieno[3,2-e]bis [1, 2, 4] triazolo [4,3-a:4',3'-c]pyrimidine derivatives 6a-h by oxidative cyclization using alumina-supported calcium hypochlorite. The advantage of our protocol is easy workup, mild reaction conditions, fast reaction rates, and good yields, which make the method a useful contribution to the present methodologies.
Experimental
Melting points were determined in capillary tubes on Büchi apparatus and are uncorrected. Each compound of the reactions was checked on thin-layer chromatography of Merck Kieselgel 60F254 and purified by column chromatography Merck silica gel (70 -230 mesh). The 1 H NMR spectra were recorded on Bruker DRX-300 FT NMR spectrometer (300 MHz) with Me4Si as internal standard and chemical shifts are given in ppm (δ). IR spectra were recorded using an Excalibur FTS-3000 FT IR spectrophotometer. Electron ionization mass spectra were recorded on a HP 59580 B spectrometer. Elemental analyses were performed on a Carlo Erba 1106 elemental analyzer.
General procedure for the preparation of 11a-h. A mixture of the hydrazine 10 (5 mmol) and the appropriate aldehyde (5 mmol) in absolute ethanol (20 mL) containing a few drops of piperidine, was refluxed for 5 h. After cooling and evaporation, the solid products formed were filtered, dried and recrystallized from methanol. General procedure for the preparation of 6a-h. A mixture of 11a-h (2 mmol) and Ca(OCl)2/Al2O3 (10 mmol: grounded mixture in mortar of calcium hypochlorite; 10 mmol, 1.43 g and neutral alumina; 1.43 g) in dry dichloromethane (20 mL) was stirred rapidly at room temperature for 2 h. After the reaction mixture was filtered, the filtrate was evaporated under reduced pressure. The resulting crude product was purified by recrystallization using a mixture of chloroform and ethanol. 
